Abstract. Urban investment planning is highly complex and different views are provided by stakeholders and experts as to the scope, scale and potential solutions. The evaluation of such investments requires explicit consideration of multiple, conflicting and incommensurate criteria that have an important social, economic, and environmental influence on various stakeholders in different ways. To take into account all the dimensions, the proposed model is the Ranking Zones Model (RZM), based on PROMETHEE methods. The RZM comprises several steps providing a rank-list of all observed zones. It helps decision-makers come up with consistent decisions as to which zones to invest in and, at the same time, provides reassurance that the decision was based on a proper comparison of all relevant urban zone areas. The advantage of this approach is that even with a change in the decision-making structure, the actual procedure remains consistent.
Introduction
Urbanization is defined by the United Nations as the movement of people from rural to urban areas [16] , resulting in urban populations constantly increasing compared to those in rural areas. By 2030, 60% of the world's population will be living in urban areas, of which 84% refer to populations from developed countries [16] . Knowing this, urban decision-makers (both policy makers and city planners) face difficulties in implementing sustainable management of urban areas.
Urban areas are constantly changing as they encroach into new territories or as existing areas are re-developed through private and public investments. Planning and analysis of these investments can are highly complex, with numerous different views among stakeholders and experts as to the scope, scale and potential solutions. Evaluating these investments requires consideration of multiple, conflicting and incommensurate criteria that can have an important social, economic, and environmental influence on various stakeholders differently. It involves evaluating options or alternatives that have qualitative and quantitative dimensions. The Ranking Zones Model (RZM), based on PROMETHEE methods, is the model proposed for taking into account these dimensions [1] . The RZM comprises several steps: identifying zones in observed urban area, creating a hierarchical structure of goals and criteria, criteria weighting, and ranking zones according to defined criteria. The outcome of the model is a rank-list of all observed zones that assists decision-makers in coming up with consistent decisions on which zones to invest in and, at the same time, provides a reassurance that the decision was based on a proper comparison of all relevant urban zone areas. The advantage of this approach to decision-making owes to the fact that even with changes to the structure of decision makers, the actual decision-making procedure remains consistent. The development of the presented model has been based on a real-world urbanism case study in the city of Split, Croatia.
Research context and review of literature
Multiple actors representing various urban organizations from a number of disciplines (urban planning, architecture, engineering, geography, economics, finance, politics, sociology, etc.), have to work together at each level of a city management hierarchy for proper sustainable management of urban areas. Chakrabarty [3] has presented a concept of integrated urban management based on management theory and a systems approach, arguing that many principles of traditional management (such as the principles of productivity, social responsiveness and flexibility) are equally applicable to urban management for overcoming limitations. He has emphasized education in urban management to facilitate application of principles and management techniques, and the need to resolve urban issues in a resource-efficient manner while meeting the requirements of multiple stakeholders. Certainly, an integrated management approach is rather difficult in practice but that should not be an excuse.
Firstly, an assessment of the urban area should be performed to upgrade urban management and make it more sustainable. The role of indicators is to measure performance. Several indicator-based approaches in assessing urban sustainability have been developed. Ugwu et al. [15] have examined available techniques for evaluating different aspects of sustainability using indicators. Zhang et al. [18] have used methodological foundations of various assessment methods to propose a classification, dividing them into three groups: system engineering, monetary evaluation and biophysical. Furthermore, based on research, Shen et al. [14] has provided a four-dimensional comparative analysis in terms of environment, economics, society and governance.
A survey conducted by Hanak et al. [4] has provided valuable insight that not all sustainable indicators in urban areas are weighted equally, thus providing decision makers with important data on citizen preferences for modelling urban areas. Their preliminary identification of indicators from a residential environment assessment has shown a high correlation between different cities, while their previous research [11] showed that the difference between key and margin indicators was about 40%. Such differences are considerable when translated into money terms. Decision-makers can make significant savings in public budgets, i.e. optimize urban planning budgets, when considering these indicators.
In complex environments, where the word 'sustainable' is a constant prefix, the use of management information systems and multicriterial analysis is essential. It is important to keep in mind that the terms "urban sustainability", "sustainable city" and "sustainable community" refer to a desirable state, while "sustainable urbanization" and "sustainable urban development" refer to the process that leads to a desirable state.
Various decision support systems (DSS) have been devised to improve urban areas and make them more sustainable, whether it includes urban road infrastructure [5, 8] , or overall value management of an urban area [10] . The application of multicriterial methods to planning and management in civil engineering is carried out in private investments (such as the problem of selecting a construction site [6] or selecting the best investment project [7] ) and in public investments (such as public infrastructure project management financed by EU funds [13] or evaluation of public administration projects [12] ).
A multicriterial approach for spatial management of urban areas
The Multiple Criteria Decision Aid (MCDA) approach provides a large set of tools to help decision-makers solve problems by taking into account several, often contradictory, points of view, as was earlier stated. In general, MCDA methods are divided into three large families [17] :
• The unique synthesis criterion (consisting of aggregating different points of view into a unique function requiring subsequent optimization), • The outranking synthesis approach (using methods which aim first to build an outranking relation representing a decision-maker's strongly established preferences based on the information at hand), • The interactive local judgment approach (proposing methods that alternate calculation steps and dialogue steps). For the priority-ranking problem in this paper, PROMETHEE methods, comprising PROMETHEE I (partial ranking) and PROMETHEE II (complete ranking), were chosen from among many multicriterial methods based on the experience of the authors in the field. These methods were used for comparing and ranking various alternatives that were simultaneously evaluated based on many quantitative and qualitative criteria. They belong to the class of outranking methods that comprise the poor dominance relation and assume the decision-maker is familiar with utility functions. As each alternative faces the other, the positive (Phi+) and negative (Phi-) outranking flow is calculated [1] . The positive outranking flow expresses how an alternative outranks all others, while the negative outranking flow expresses how an alternative is outranked by all others. Given that PROMETHEE I is obtained from the positive and negative outranking flows, the PROMETHEE II comprises the net outranking flow (Phi) [1, 2] . Since the net flow provides a complete ranking, it can be compared with the utility function. Phi offers the advantage that it is built on clear and simple preference information (weights and preference functions) and it relies on comparative statements rather than absolute statements [2] .
This paper aims to examine the tactical problems that decision-makers frequently encounter in the management of urban areas. The Ranking Zones Model (RZM) solves poorly structured and unstructured problems on a tactical level, and is one of the models used in decision supports system for real estate value management [10] .
Establishing the Ranking Zones Model
The model consists of two stages (two process groups): the preparatory processes and the implementation processes.
The implementation of these processes involves determination and analysis of the coverage area (i.e. identification of city boundaries and associated city zones) which is then followed by comparing the areas based on established criteria using means of multiple criteria analysis, finally leading to the solution, i.e. the best observed zone is identified. Preparatory processes stemming from the proposed model were linked to the GIS-database of Split, the Split Cadaster Office, and other existing data structure sources. The RZM implementation processes begin with phase 1, dealing with the definition of goals and criteria for zone comparison, and the establishment of the importance (weight) of each criteria. This phase represents the key aspect of the model, because by defining comparison criteria we can create a unique hierarchical goal structure to which observed zones in an urban area are consistently referred to, where coincidently, they are linked to the main goal, which is development strategy. In addition to defining criteria, "goal analysis" is useful in defining the goals that should be achieved by solving the defined problem [8, 12] . Setting goals is often tedious for decision makers because they might be convinced their goals are clear-even if they are not-and are frequently under pressure to make predetermined decisions. Generally, a structured approach is lacking which would otherwise provide a swift, efficient, and systematic analysis of the goals. In addition to the well-known methodology, experience and teamwork are the best guarantee of a successful goal analysis [10, 12] .
Criteria are also a measure of system characteristics, which should be optimized to satisfy set goals. When using multicriterial analysis, criteria are usually sorted into the following classes [10] :
•
Establishing a hierarchical goal structure begins by defining the main goal (GC), followed by forming the group, i.e. forming the resource pool of experts ( Figure 2) . A selection of first-rank experts (E1R) generates the first-rank goals (C1R). Then, a selection of second-rank experts (E2R) generates the secondrank goals (C2R). This procedure generates the goals and establishes a goal hierarchy. Experts of any rank may be individuals, but they can also be groups of experts who may be tasked to determine one group of goals [10, 12] or all goals in one rank. Decomposition of the main goal leads through the sub-goals to the criteria. When the goals on a particular decomposition level become clear (can be precisely described) and measurable (can be expressed quantitatively and qualitatively), they then become criteria [5, 10, 12] . After the entire hierarchical goal structure has been established, the importance is determined, i.e. a weight is assigned to each one, as not all criteria are equally important.
Determining the criteria weight, and subsequently the weight of sub-goals i.e. objectives, is the task of the experts, and depends on the level or rank where all the criteria are located and where weights are assigned to them by experts of that particular rank. That is performed using the same procedure as for establishing a hierarchical goal structure.
After the goals and criteria have been defined, and their weights determined accordingly, the next phase of implementation processes can be commenced, the process of ranking zones. Here, the PROMETHEE II method is used for obtaining a full ranking of options according to established criteria of comparison. Implementation of the method produces output information in the form of a rank-list of observed zones. This rank-list provides the decision maker with the basis for making a decision, especially when the rank-list is graphically presented.
Results and discussion

Implementation of the Ranking Zones Model in the city of Split
The described Ranking Zones Model (RZM) has been tested on the urban area of the City of Split, comprising 27 municipal areas. Data were collected from the beginning of 2011 till mid-2013. Although, there were some spatial changes in observed area during research period, this paper will only present results of the first modelling cycle (the first 12 months). The RZM model has two parts (preparatory and implementation processes) and is used for solving poorly structured and unstructured problems on a tactical level. It answers the question, "Where to invest?" Once the city boundaries and zones within are identified and data collected (preparatory processes are finished), the implementation processes may commence.
The RZM implementation processes begin with phase 1, which is defining the goals and criteria for a comparison of observed zones, and establishing the importance (weight) of each criterion. This phase is the key aspect of the model, because by defining comparison criteria, a unique hierarchical goal structure is created with which consistent comparisons of zones can be made, that are at the same time tied to the main goal, the development strategy. Figure 3 illustrates the hierarchical goal structure for ranking zones in the City of Split (result of the procedure described in previous section), with the names of all identified goals, objectives and criteria shown in Table 1 . The main goal (GC) and two main sub-goals (GPC1 and GPC2) are connected to the development strategy, while the procedure presented in Figure  2 was conducted for further decomposition. Finally, 22 criteria were identified which describe the social, ecological, technical, technological and economic aspects by which 27 identified zones will be compered by. Table 1 : Hierarchy levels and codes for the goals, objectives and criteria with assigned weights
The experts were grouped into three expert groups: city government (group consisted of city mayor, his staff, and other city representatives), real estate agents and market experts (group consisted of experts from several respectable real estate agencies), and technical-economic experts (group consisted of civil engineering, urban development, and economic experts from the University of Split). Each group gave their preference to criteria according to the procedure shown in Figure 2 . Table 1 gives their compromise view of criteria weights presented as an average weight for each criterion by three expert groups.
Based on previously described input parameters, a mathematical model was formed for ranking the zones in an urban area. The task was undertaken by means of the PROMETHEE II method and using the "Visual PROMETHEE" [9] . This software is based on the concept of systematic support for decisionmaking, providing a wide range of support for decision-making processes, where data are entered interactively, and most of the information and of obtained solutions can be visualized [10] .
In addition to entering basic parameters and criteria weights from the decision matrix (Table 2) , this method also requires selecting the criterion type allowing possible incoherence in the data set and preference functions that are to be corrected. Values presented in the decision matrix (Table 2) are the final research results [10] , accompanied by a detailed description. A complex preference relation should be formed to emphasize the fact that an outranking relation is based on an appreciation of a number of criteria and on the generalization of criteria.
Defining the preference indexes results in the said complex preference relation, shown by means of a preference graph. The essence of this step is that the decision-maker must give priority to one of the two alternatives, i.e. actions in each of the criteria, based on the difference between the criteria values of the compared alternatives [10, 12] .
The Usual Preference Function Type has been chosen for criteria C10 and C20, because the decision-maker deems all alternatives as indifferent if the difference between their values does not exceed the indifference threshold. The case when the difference exceeds the indifference threshold is called a strict preference. For the remaining 20 criteria, the decision makers did not have a clear attitude about the possible area of indifference between possible alternatives. In other words, the differences in the solution values based on these criteria are very important. Therefore, the V-shape Preference Function Type was chosen for these criteria, which in this case provides a good description of their attitudes. Numerical processing was performed on all input data, with the results shown in Table 3 . Using the PROMETHEE II method, total "Phi" values of flows were obtained. In other words, the method provided the sum of all input and output flows, with particular pairs of actions being dominant. The result is the rank-list of all observed zones in the City of Split sorted from best (Žnjan) to worst (Mejaši).
Combining the results from PROMETHEE II (Table 3) with spatial tools, such as GIS tools, gave a valuable insight into compared zones based on a defined set of criteria (see Figure 4) . This visual presentation of ranking results enables decision-makers to gain rapid insight into the quality of compared zones, and provides an answer to the question, "Where to invest?" Importantly, the presented model does not give an answer to the question of "What to invest in?" This is a frequently asked question when the quality of compared zones is spatially dispersed. Additional qualitative and quantitative analysis of each zone can provide answers to further questions. 
Conclusion
This paper has presented a model for evaluating and ranking zones in an urban area based on multiple-criteria analysis. The model was fed with spatial information and data based on the views of interest groups (city government, real estate agents and market experts, technical-economic experts). The hierarchical goal structure for mutual comparison of zones was also introduced. It has been shown that implementation of the multiple-criteria analysis can contribute to better quality and more consistent decision-making for the spatial management of urban areas.
The value of this model lies in the consistency of the decision-making process. It gives the decision-maker a sense of assurance, knowing that if the procedure proposed by the presented model has been followed, it will lead to a rational decision, carefully and systematically thought out. The advantage of this decision-making approach lies in the fact that even if it a change in the structure of decision-makers occurs, the actual decision-making procedure remains consistent.
